Patterns of illness in American children have changed dramatically in this century. The ancient infectious diseases have largely been controlled. The major diseases confronting children now are chronic and disabling conditions termed the "new pediatric morbidity" asthma mortality has doubled; leukemia and brain cancer have increased in incidence; neurodevelopmental dysfunction is widespread; hypospadias incidence has doubled. Chemical toxicants in the environment as well as poverty, racism, and inequitable access to medical care are factors known and suspected to contribute to causation of these pediatric diseases. Children are at risk of exposure to over 15,000 high-production-volume synthetic chemicals, nearly all of them developed in the past 50 years. These chemicals are used widely in consumer products and are dispersed in the environment. More than half are untested for toxicity. Children appear uniquely vulnerable to chemical toxicants because of their disproportionately heavy exposures and their inherent biological susceptibility. To prevent disease of environmental origin in America's children, the Children's Environmental Health Network (CEHN) calls for a comprehensive, national, childcentered agenda. This agenda must recognize children's vulnerabilities to environmental toxicants. It must encompass a) a new prevention-oriented research focus; b) a new childcentered paradigm for health risk assessment and policy formulation; and c) a campaign to educate the public, health professionals, and policy makers that environmental disease is caused by preventable exposures and is therefore avoidable. To anchor the agenda, CEHN calls for longterm, stable investment and for creation of a national network of pediatric environmental health research and prevention centers.
Introduction
The protection of children against chemical toxicants in the environment is a major challenge to modern society (1) . Children in America today inhabit a world vastly different from that of generations past (2) . Most children in the United States in 1998 are better fed and better educated than children of earlier generations. Thanks to public health-based prevention strategies that have encouraged good housing, safe drinking water, and sanitary waste disposal and employed vaccines, antibiotics, and improved nutrition, once-lethal infectious diseases such as measles, smallpox, poliomyelitis, and cholera have been conquered. The predicted life span of an infant born today is more than two decades longer than that of a baby born at the beginning of the twentieth century (3) .
Yet, children today face hazards that were neither known nor imagined a few decades ago. They are at risk of exposure to nearly 15,000 high-production-volume synthetic chemicals, nearly all of which have been newly developed in the past 50 years. Many of these materials are contained in household products and are dispersed widely in the environment (4) . More than half have never been tested for their potential toxicity, and thus their potential dangers to children are substantially unknown (5, 6 ). Children's exposures to chemicals are compounded by continuing widespread child poverty, by violence, and by inequitable and increasingly restricted access to basic medical care. The health and economic consequences of children's exposures to environmental toxicants will be experienced by our society throughout much of the length of the twenty-first century.
The challenge to society in this context is 2-fold: to determine what causal associations exist between children's environmental exposures and disease, and to develop a science-based strategy that will prevent hazardous exposures and control environmental disease and disability (1) .
This report from the First Research Conference of the Children's Environmental Health Network* examines data on the susceptibility of children to toxicants in the *The Children's Environmental Health Network is a national project whose mission is to promote a healthy environment and to protect the fetus and the child from environmental hazards. For more information call (510) 450-3818, or E-mail cehn@aimnet.com Environmental Health Perspectives * Vol 106, Supplement 3 * June 1998 environment. It reviews current epidemiologic information on the rising incidence of diseases in children known or suspected to be of environmental origin. It considers the evidence that environmental toxicants are contributing to changing patterns of pediatric illness. It hand-to-mouth activity, which increases their ingestion of any toxicants in dust or soil; and their play close to the ground (9). * Children's metabolic pathways, especially in the first months after birth, are immature compared with those of adults. A child's ability to metabolize, detoxify, and excrete many toxicants is different from that of an adult. In some instances, children are actually better able than adults to deal with environmental toxicants. More commonly, however, they are less able to deal with toxic chemicals and thus are more vulnerable to them (10, 11) . Children are growing and developing very rapidly, and their delicate developmental processes are easily disrupted.
Many organ systems in young children-the nervous system in particular, but also the lungs, the immune system, and the reproductive organs-undergo extensive growth and development throughout pregnancy and in the first months and years of extrauterine life. (NOX), and fine particulates-the bulk of them from automobile, truck, and bus exhaust-are the components of urban outdoor air pollution most directly associated with pediatric asthma (16, 17) . In asthma attacks provoked by exposures in indoor air, important contributors include environmental tobacco smoke (ETS), mites, molds, and cockroach allergens (18) .
Fine particulate air pollution, in addition to contributing to exacerbations of asthma in children, has been linked to increased rates of mortality in young infants (19) and in the elderly (20) . A recent study of neonatal mortality found an association between elevated concentrations of airborne fine particulates and neonatal deaths, including the sudden infant death syndrome (SIDS) (19 Smoking during pregnancy poses a serious danger for the unborn child. Among women who smoke the likelihood of giving birth to a low birth weight infant is substantially increased (25) . Women who smoke are at increased risk of miscarriage.
Women who smoke require more months to conceive a pregnancy than nonsmoking women of the same age (26) . Infants with pulmonary hypertension of the newborn are 6 times more likely to have been exposed in utero to the products of tobacco smoke. Finally, children of parents who smoke are at elevated risk of SIDS (28, 29) .
Neuropsychiatric Dysfunction and Environmental Exposures
Children are exposed to many neurotoxic substances in the environment, including lead, solvents, mercury, pesticides and polychlorinated biphenyls (PCBs) (13). These exposures have been shown to produce acute outbreaks of devastating neurologic illness such as the epidemic of Minamata disease in Japan caused by methyl mercury, and a statewide outbreak of carbamate pesticide poisoning in California caused by illegal contamination of Fourth of July watermelons. More recently, concern has arisen that chronic, lower-dose exposures of children to environmental neurotoxicants including lead, PCBs, and certain pesticides may produce more subtle but nonetheless permanent and irreversible learning deficits and behavioral dysfunctions.
Lead is of particular importance, both historically and currently, among environmental neurotoxicants, and studies of lead provide the paradigm for the concept of subclinical neurotoxicity. Despite the 94% decline in exposure that followed removal of most lead from gasoline, the Centers for Disease Control and Prevention (CDC) estimates currently that blood lead levels are elevated to levels of 10 pg/dl or above in approximately 940,000 preschool children (30) .
The principal source of lead exposure is lead-based paint, which is found in approximately 60 million housing units. Elevated blood lead levels are most highly concentrated among poor, minority children living in inner cities, and the toxic effects of lead may be most severe in these children (30) . But lead is no respecter of social station, and approximately 10 of all cases of childhood lead poisoning occur as the result of house renovation; most typically these cases occur in middle-and upperclass families (31).
Exposure of children to lead at current levels has been shown to produce impairment in brain function in children. This possibility was first recognized in 1979 when Needleman et al. (8) in a pioneering study of subclinical lead poisoning found that asymptomatic children with elevated body lead burdens and blood lead levels of 30 to 50 mg/dl had a 4.5-point deficit in mean verbal IQ scores compared to socioeconomically similar children with lower lead burdens. This early observation has been confirmed by subsequent longitudinal epidemiologic studies in children with blood lead levels in the range of 10 to 25 pg/dl (32) (33) (34) (35) . Moreover, the lead-induced deficit in intelligence appears to be permanent. An 11-year follow-up of the children in Needleman's original study found that those who had higher lead burdens in early life were more likely to experience persistent reading difficulty and to fail to graduate from high school (36) . Thus early subclinical exposure to lead appears to result in lifelong disability. Multiplied by the tens of thousands of children at risk, the societal and fiscal impact of this disability is enormous (37) .
Early exposure to lead may additionally be associated with increased risk in adult life for violent behavior. A recent study by Needleman et al. (38) has reported a link between body lead burden and adolescent delinquency. Further research is needed on these issues, extending beyond lead to examine both the short-and long-term consequences of children's exposures to a range of environmental neurotoxicants. Moreover, studies are needed of possible interactions and synergies between environmental toxicants and social and economic factors in the genesis of violent asocial behavior.
Endocrine and Sexual Disorders
Evidence is accumulating that environmental contaminants, particularly chlorinated hydrocarbon compounds, can exert adverse effects on health through their ability to disrupt estrogen function and other signaling functions within the human body (39) . Some The embryo, fetus, and young child appear to be at particularly high risk of adverse consequences following early exposure to endocrine disruptors (39) . Early exposure to endocrine-disrupting compounds can interfere with reproductive development (41) . The developing nervous system appears also to be highly vulnerable to these chemicals, and early exposure to PCBs has been linked to persistent neurobehavioral dysfunction (42) . Endocrine-disrupting compounds may be responsible, at least in part, for increases over the past two decades in incidence of testicular cancer (21) , for a recently reported doubling in incidence of hypospadias in the United States (43) , and for the increasingly early onset of puberty in young girls (44) .
The Preventability of Pediatric Environmental Disease
Disease and dysfunction of environmental origin in children are preventable (45) . Toxic environmental diseases that arise as a consequence of human activity can be prevented through modification of that activity. This principle has been illustrated by the tremendous reduction in children's blood lead levels that followed removal of lead from gasoline (28 (45) . Approaches to prevention against pediatric environmental illness include pollution prevention, behavioral modification, and secondary prevention. For example, prevention might include introduction of integrated pest management in urban housing, or the administration of medication to children who have already been exposed to carcinogens, with assessment of subsequent biochemical changes, dietary modification, and efforts to reduce body burdens of toxicants (51) . These approaches require careful assessment of their efficacy and cost-effectiveness, and outcomes need to be rigorously assessed.
Economic Studies. Studies are needed to assess the costs of pediatric environmental disease (37) . Both the direct costs of illness and the indirect costs that result from loss of education, foregone future achievement, and familial disruption need to be examined in these analyses. The life-long consequences of each toxic exposure as well as possible transgenerational effects need to be considered. Calculation of these costs will permit assessment of the benefits that will accrue to American society through prevention of pediatric environmental disease.
Cross-Cutting Issues in Research
In addition to research into specific exposures and diseases, the Children's Environmental Health Network has identified five crosscutting approaches that need to be integrated into future research into children's health and the environment:
Exposure Assessment. In epidemiologic analyses, exposure assessment is traditionally the most difficult and most neglected component. Inadequate characterization of exposure usually tends to bias the results of epidemiologic studies towards the null and thus to obscure true causal associations. In the planning of population-based studies of disease in children, specific attention and adequate budgets must be directed toward assessments of exposures. Biomarkers of exposure may prove useful. It is important to recognize that the patterns of children's exposures to toxicants in the environment vary over time and with developmental stage.
Windows of Vulnerability. Historical episodes such as the thalidomide tragedy and the epidemic of adenocarcinoma of the vagina caused by diethylstilbestrol illustrate clearly that there exist windows of vulnerability in early life during which embryos, fetuses, infants, and children are extraordinarily susceptible to environmental toxicants (53 A new child-centered agenda in pediatric environmental health will require adequate and substantial funding. Far too few resources in the United States are directed at present toward children's environmental health (48) . The Children's Environmental Health Network calls for substantial and sustained investment by federal and state governments to establish a children's environmental health agenda. Also, we encourage foundations and other components of the private sector to become increasingly involved. There is a critical need for the creation of a national network of prevention-oriented Children's Environmental Health Centers that encompass etiologic research, training of the next generation of leaders in the field, provision of dinical services, and participatory public education in partnership with communities. These Centers will anchor the agenda that the network envisions.
The ultimate vision of the Children's Environmental Health Network is of a world in which preventable diseases of toxic environmental origin in America's children are controlled and eradicated.
